). The reducing system responsible for the reduction of chlorate to chlorite has been shown to be nitrate reductase, as postulated by Aberg (1) on the basis of evidence obtained with young wheat plants. Chlorate and nitrate are both substrates for the enzyme, and each is a competitive inhibitor of the reduction of the other (1, 3, 4, 6, 10) . The toxic effect of chlorate on algal growth should therefore reflect the induction and suppression of the enzyme, nitrate reductase. The present study shows that this is true for the Berlin strain of the green alga, Chlorella vulgaris Beijerinck. The nitrate reductase (NADH-nitrate oxidoreductase, EC 1.6.6. 1) of these cells is closely associated with a cytochrome b5,7 and is present in crude extracts in an almost inactive form which can be activated about 50-fold by a variety of procedures (9, 11) . The associated NADH-cytochrome c reductase activity is fully active in crude extracts (9) . It (12) .
The cells were grown autotrophically in continuous light, in a stream of 5% (v/v) CO, in air, at 21 to 22 C, as previously described (9, 11) . The composition of the standard K medium is shown in Table I , together with the composition of the nitrate and ammonium media used to study chlorate toxicity. Chlorate was added as the sodium salt, where specified. All media contained the same added trace elements (9, 1 1 1 Activity measured after activation at 20 C in 0.25 M phosphate, pH 6.7, and 50 mm KNO3 as described in "Materials and Methods. " NH4+ medium). After 2 days of growth, cell yields were measured and enzyme content was measured on extracts from cells grown in the absence of chlorate. In every case cells used for inoculation were washed with the medium into which they were inoculated, and the size of the inoculum was 0.24 I1. cells per ml of fresh medium. The pattern of the experiment is shown diagrammatically in the legend for Table II. The ratio of the increase in packed cell volume after 2 days of growth in the presence of chlorate to the increase in packed cell volume after 2 days of growth in the absence of chlorate (i.e., NO3-or NH,' alone) was taken as a measure of chlorate toxicity (as given in the second column of Table II) .
Preparation of Cell-Free Extracts. Extracts were prepared by ultrasonication (9) . One ml of extract was equivalent to about 0.2 ml of packed cells (11) . The extracts were stored at -20 C and, after thawing, were clarified by centrifugation for 30 min at 40,000g at 0 C. Prior to determination of enzyme activities, the centrifuged extracts were dialyzed overnight against several changes of 1 mm tris-HCl buffer, pH 8 (11) . For the low levels of enzyme present in crude extracts of ammonium grown cells, the rate of nitrite formation was always also determined (7) .
One unit of nitrate reductase is that amount of enzyme which catalyzes the oxidation of one ,umole of NADH by NO:-per min under the specified conditions of the assay. One unit of cytochrome c reductase is that amount which catalyzes the reduction of 1 ,umole of cytochrome c by NADH per min under the specified conditions but after correction to maximum velocity at a saturating concentration of cytochrome c (9) .
Activation of Nitrate Reductase. Purified enzyme was activated by incubation at 4 C in 0.1 M phosphate, pH 6.7, 50 mM KNOS, 1 mm dithioerythritol, 0.5 mm EDTA. Activation was 2-to 5-fold, and maximum activity was generally reached in 1 to 2 weeks (9) . For activation of the nitrate reductase in dialyzed crude extracts, the reaction mixture contained 0.25 M phosphate, pH 6.7, and 50 mm KNO3, and incubation was at 20 C for 18 hr. The extent of activation for nitrate grown cells was about 50-fold. In both cases, activity was monitored intermittently until maximum activity was reached. Table  II show how the chlorate toxicity diminished after the cells were transferred from a medium containing 20 mM nitrate to a medium containing 20 mm ammonium as a source of nitrogen.
RESULTS

Inhibition of
The higher the nitrate concentration, the higher the chlorate concentration required to cause a given amount of inhibition (Table III) . As the size of the initial cell inoculum increased, there was a decline in the inhibition observed with a given ratio of chlorate to nitrate (Table IV) .
Nitrate Reductase and Cytochrome c Reductase Levels in Cells Grown on NO:-Medium and on NH4+ Medium. Also When chlorate and nitrate were added together to the enzyme assay mixture, the initial rate of NADH oxidation was always less than Vmax for nitrate alone. The presence of nitrate retarded the development of the product inhibition observed with chlorate alone; the higher the nitrate concentration, the greater the retardation. This effect was about that expected from a consideration of the Km values for chlorate and nitrate. We conclude that chlorate and nitrate combine with the enzyme reversibly at the same site, and that Km for chlorate may also be taken as Ki for chlorate as an inhibitor of nitrate reduction. This reversible, competitive inhibition between two substrates must be distinguished from the product inhibition by A B Figure 1A . The initial reaction rates with chlorate and with bromate approached the rate observed with added nitrate, but there was a marked decline in reaction rate with time, suggesting product inhibition. The reaction rate with iodate was relatively much slower, but definitely measurable. Perchlorate was inactive (not shown). Only the reaction with chlorate was studied further.
The purified enzyme employed for these experiments had been extensively activated during the purification procedure and was used without further activation in order to avoid the presence of nitrate. Thus, the measured specific activity of the enzyme preparation actually employed for the experiment of Figure IA Inhibition of the nitrate reductase reaction by added chlorite. The lower curve shows the change in absorbance with time due to the oxidation of NADH by nitrate in the standard assay system. The upper curves show the course of the reaction with NaClO2 added as specified. The NaClO2 had no affect on the NADH under these conditions. B: Change in cytochrome c reductase (dashed line) and nitrate reductase (solid line) activities with time in the presence of chlorite. The reaction mixture contained 83 mm phosphate, pH 7.6, 2.5 mg per ml nitrate reductase of specific activity 1.8, and 5 mm NaCl02. Incubation was at 20 C. At the designated times small aliquots were diluted with water at 0 C to a concentration suitable for assay. There was no loss of enzyme activity in the absence of added chlorite. Figure 2A . In this experiment, the reaction was started by the addition of enzyme to the assay system containing nitrate plus varying concentrations of chlorite. Comparison of calculated chlorite concentrations in the experiment of Figure IA with the effectiveness of added chlorite at a given concentration in the experiment of Figure 2A confirms that chlorite added in the presence of nitrate was less effective than chlorite formed in the absence of nitrate.
Chlorite may also behave as a reversible competitive inhibitor of nitrate reduction in the manner of nitrite (9) . Such Figure 2B . Both nitrate reductase and cytochrome c reductase activities were measured, and both declined to about the same extent. Neither activity was recovered when chlorite was removed by dialysis. With the high concentrations of enzyme employed for the experiment of Figure 2B , it was necessary, for effective inactivation, to add a considerably higher concentration of chlorite than was necessary for the experiment of Figure 2A . Such results are consistent with the decreased inhibition of growth by chlorate with larger cell inocula (see Table IV ).
The spectrum of the cytochrome b5,57 component of the nitrate reductase of the experiment of Figure 2B was monitored over the 3-hr 
